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The acutely reduced kidney. The mechanism whereby the
kidney maintains water and electrolyte excretion immediately
after partial infarction was studied in the uninephrectomized rat.
Clearance and micropuncture studies were made for 21/2 hr before
and immediately after loss of approximately 60% of the func-
tioning renal mass as produced by tying one or two branches of
the renal artery. Qualitatively similar responses were seen in all
animals, although urine flow rate, GFR, RPF and electrolyte
excretion tended to be higher in those animals given intravenous
lissamine green than in those infused with aldosterone and ADH.
Total kidney GFR and RPF fell in proportion to the degree of
infarction. Mean urine flow rate, however, was unchanged, and
there was an immediate rise in the flow rate in surviving nephrons,
maximal after one hour. This was due to a fall in proximal
fractional reabsorption, absolute reabsorption in the proximal
convolution remaining unchanged. There was no evidence that
changes in hydrostatic or oncotic pressures within the proximal
tubules or peritubular capillaries were important in this response.
The role of the interstitial fluid pressure remains unknown.
Le rein réduit de manière aiguë. Le mécanisme par lequel le
rein maintient l'excrétion d'eau et d'électrolytes immédiatement
aprés un infarctus partiel a été étudié chez le rat uninéphrecto-
misé. Des etudes de clearance et par microponctions ont été
réalisées deux heures et demie avant et immédiatement aprés Ia
perte d'environ 60% de Ia masse rénale fonctionnelle obtenue au
moyen de Ia ligature d'une ou deux branches de l'artére rénale.
Des réponses qualitativement semblables ont été observées chez
tous les animaux quoique le debit urinaire, le debit de filtration
glomérulaire, le debit plasmatique renal et l'excrétion d'électro-
lytes tendait a Ctre plus grand chez les animaux recevant du vert
de lissamine intraveineux que ehez ceux perfusés avec de
I'aldostérone et de l'ADH. La filtration globale du rein et le
debit plasmatique renal ont diminué en proportion de l'impor-
tance de l'infaretus. Le debit urinaire moyen, cependant, n'a pas
été modifié et il y a eu une augmentation immediate du debit
tubulaire dans les néphrons restants, maximale aprés une heure.
Cela était du ala chute de Ia reabsorption fractionnelle proximale,
Ia reabsorption absolue dans ce segment demeurant inchangee.
Ii n'y a eu aucun argument permettant de penser que des modi-
fications de pression hydrostatique ou oncotique dans les tubes
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proximaux ou les capillaires péritubulaires jouent un role impor-
tant dans cette réponse. Le rOle de Ia pression interstitielle
demeure inconnu.
The mammalian kidney is capable of impressive func-
tional adaptation following structural damage. Thus within
a few days to weeks of partial or uninephreetomy compen-
satory hypertrophy of both structure and function of the
remaining renal tissue has occurred. This process has been
extensively studied [1—7]. The immediate effects of such
procedures on renal function, however, are much less well
understood. In his lecture on "Experimental reduction of
renal tissue" in 1929, E. B. Verney described what he
termed "a very remarkable phenomenon" [8]. Using a
double isolated perfused dog kidney preparation he found
that a 50% reduction in functional renal mass produced
by tying one of two branches of the renal artery was
followed by an immediate increase in urine flow rate and
chloride excretion — "the remaining half suddenly and
without a moment's hesitation doubled its previous rate of
secretion". Qualitatively similar acute adaptive changes
have been reported immediately after partial renal inf arc-
tion in dogs [9—11] and following uninephrectomy in rats,
dogs and rabbits [12—17]. Both a rise in glomerular filtra-
tion rate and a fall in tubular reabsorption have been
suggested as possible mechanisms [11, 13], but others have
failed to substantiate these findings [18]. There is little
direct information, however, on single nephron function
immediately after acute reduction in renal mass, and on the
factors which might then determine glomerulotubular
balance in the surviving nephrons.
We have therefore studied the immediate effect of acute
partial renal infarction in uninephrectomized male Wistar
rats. Loss of approximately 60 % of the functional renal
mass was followed by a rapid rise in the flow rate in sur-
viving nephrons, maximal after one hour, with maintenance
of water and electrolyte excretion. This was due to a fall in
proximal fractional reabsorption, absolute proximal re-
absorption remaining unchanged. There was no evidence
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that alterations in hydrostatic or oncotic pressures within
proximal tubules or peritubular capillaries were important
in this reponse.
Methods
Observations are reported on a total of 51 uninephrec-
tomized, nondiuretic adult male Wistar rats; right
nephrectomy was performed 19 to 48 days earlier, when
they weighed approximately 100 g. Uninephrectomized
animals were used in order to simplify the experimental
model since preliminary studies had shown that partial
infarction of one kidney was associated with changes in
function in the contralateral kidney. There was no evidence
that the varying time interval after uninephrectomy had
any influence on the response to partial infarction. All
were deprived of food but not of water overnight prior to
study and were anesthetized by intraperitoneal injection of
sodium pentobarbital, 50 mg/kg body wt. They were
prepared for micropuncture as previously described [19];
isotonic saline, 0.5% body wt was given during surgery to
replace fluid losses. One or two of the primary branches
of the renal artery were carefully dissected and loose
ligatures placed around them. The left ureter was catheter-
ized using PE 10 polyethylene tubing. Blood pressure was
recorded continuously from the carotid artery using a
Statham P23 Db transducer and a Beckman RP Dyno-
graph Recorder.
In all animals, six consecutive timed urine collections, each
lasting approximately 40 to 55 mm, were made. Isotonic
saline was given intravenously, initially at 0.82 ml/hr. After
the first three urine collections were completed this rate
was reduced by half, simultaneously with partial infarction,
and also in some of the control studies. Forty-three animals
had clearance measurements carried out and were infused
with 3H-methoxy inulin, 80 to 120 tCi/hr, after a priming
dose of 60 to 90 j.tCi (NewEngland Nuclear Corporation,
Boston, Mass.). Blood (30 ii) was taken from the carotid
artery and renal vein at approximately 45 mm intervals for
measurement of hematocrit and 3H-inulin levels. The plasma
level of inulin at the midpoint of each clearance period was
later obtained from a graph of time and 3H-inulin activity
in counts/mm/unit volume. Samples of blood, urine and
tubular fluid were counted in a liquid scintillation spectro-
meter in 10 ml of a solution of 200 ml of Triton X-100
(Packard Instrument Co., Inc., Chicago, Illinois) 800 ml of
toluene and 4 g of Omnifluor (New England Nuclear
Corporation, Boston, Mass.). Silicon dioxide gel (0.5 g,
Cab-O-Sil, Cabot Corporation, Boston, Mass.) was added
to each vial in order to prevent settling of the isotope.
Renal plasma flow (RPF) was calculated as follows (20):
V(U—R)RPF= A—R
Where V = urine flow rate and U, A and R = inulin
concentration in urine, arterial plasma and renal venous
plasma, respectively.
Single nephron glomerular filtration rate, SNGFR, was
calculated as F/P inulin x tubular flow rate in nI/mm:
Percent reabsorption = — x 100.\ F/P inulin/
Five groups of rats were studied. In groups I, II, and III
the three initial urine collections were followed by acute
infarction of approximately 60% of the left kidney produced
by tying one or two of the primary branches of its renal
artery. Three further consecutive urine collections were
then obtained over the next 2 to 21/2 hr. Groups IV and V
served as controls. Loose ligatures were placed around the
branches of the renal artery as before, but these were not
tied.
Group I (Infarction). Sixteen rats weighing 235 to 405 g
(mean 301 g) which had undergone right nephrectomy 19 to
39 days before study (mean: 31 days). After a priming dose,
all were infused with 3H-inulin in isotonic saline at 0.82ml/hr.
Following three clearance collections approximately 60%
of the kidney was acutely infarcted and the rate of infusion
was simultaneously reduced by half to 0.4 mI/hr.
Late proximal convoluted tubules were identified by
intravenous injection of 0.05 to 0.1 ml of a 5% solution
of lissamine green (K and K Laboratories, Inc., Plainview,
New York), and their transit times were measured. In
addition one late proximal segment was chosen as a refer-
ence tubule and its transit time checked five or six times
throughout the experiment. The late proximal transit time
was taken as that time, in seconds, which elapsed between
the first green flush on the surface of the kidney after
intravenous lissamine green injection and the appearance
of the dye in the last visible loop of the proximal tubule.
Distal transit time was taken as the total time which elapsed
until the dye began to appear in the early distal segments.
Using siliconized pipettes (external tip diameter 9 to 13 p),
a mineral oil block approximately 4 to 5 tubular diameters
in length was injected into the late proximal segment.
Tubular fluid was collected over 0.8 to 3.3 mm (mean:
2.2 mm), controlled suction being used to keep the oil drop
in place and the tubular diameter constant if at all possible.
The tubular fluid sample was pulled into the straight part
of the calibrated, constant-bore glass pipette and its length
measured with an eyepiece micrometer. The whole sample
(approximately 30 to 130 nl) was then discharged into the
counting fluid described above. After partial infarction
both recollections, and new collections from previously
unpunctured late proximal tubules, were made. A tubule
was accepted as suitable for recollection only if its transit
time was in keeping with that of the rest of the kidney and
if there were no visible leaks of tubular fluid.
Group II (Infarction). Thirteen animals weighing 195 to
355 g (mean: 291 g) underwent right nephrectomy 26 to
39 days before study (mean: 34 days). All were infused with
isotonic saline as described for Group I, but 3H-inulin was
given to only five rats. On average 65% of the kidney was
acutely infarcted at the end of the third urine collection
period. Lissamine green transit times were measured, but
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no tubular fluid collections were made. Instead, the hydro-
static pressure in the proximal tubules and adjacent blood
vessels (i.e., stars or efferent arterioles, intermediate vessels,
large and small peritubular capillaries) was measured using
the "Landis" technique [211. Sharpened siliconized
pipettes, external tip diameter 6 to 7 ji, filled with isotonic
saline stained with lissamine green were used.
Group III (Infarction). Eleven rats weighing 280 to
420 g (mean: 351 g) had undergone right nephrectomy 27to
48 days (mean: 38 days) previously. After a priming dose
of 3 tg of d-aldosterone (Ciba Pharmaceutical Company,
Summit, New Jersey) and 3H-inulin, 60 iCi, all were infused
with an solution of d-aldosterone, 2.4 xg/hr, ADH (Pitres-
sin, Parke Davis), 0.03 units/hr, and 3H-inulin in isotonic
saline at a rate of 0.82 mI/hr initially. After acute infarction
of, on average, 64 % of renal mass, the rate of infusion of
isotonic saline and 3H-inulin was reduced by half. Lissamine
green was not given. The hydrostatic pressure in tubules
and adjacent blood vessels was measured in seven of these
animals as previously described [22] using the servo-nulling
system of Wiederhielm et al [231, built according to the
description of Intaglietta, Pawula and Tompkins [24] by
Mr. W. Brown, Instrumentation for Physiology and Medi-
cine, SanDiego, California 92119.
At the end of all experiments the kidney was removed
cleaned, weighed and inspected. The superficial appearance
of the kidney was used to estimate the extent of infarction.
Bisection of the organ showed that infarction extended
throughout the kidney in good agreement with the surface
marking.
Group IV (Controls). Six rats weighing 250 to 312 g
(mean: 289 g) had their right kidney removed 24 to 33 days
(mean: 28 days) prior to study. All were infused with
3H-inulin in isotonic saline at 0.82 mI/hr throughout the
entire experiment. Six clearance collections were made as
before, but the kidney was not infarcted. Tubular transit
times were measured and late proximal tubular fluid
collections were made as in Group I.
Group V (Controls). Five rats weighing 300 to 392 g
(mean: 330 g) underwent right nephrectomy 26 to 54 days
(mean: 36 days) prior to study. Measurements of hydrostatic
pressure with the servo-nulling apparatus were made as
described for Group III. The kidney was not infarcted.
In eight rats from Group II and eight control animals
blood was taken terminally for measurement of B UN, which
was carried out on a autoanalyzer. Urinary sodium and
potassium concentrations were measured in rats from
Groups II and III, using a direct reading flame photometer
(Instrumentation Laboratory Inc., Watertown, Mass.).
Results
Clearance studies. The effect of acute partial infarction
of the kidney on urine flow rate, GFR, RPF and filtration
fraction (FF) in 32 uninephrectomized nondiuretic rats is
shown in Fig. 1 and Table 1. The data from 21 animals
given lissamine green (Groups I and II) have been plotted
separately from that on 11 rats which received no lissamine
green but were infused with aldosterone and ADH (Group
III). Qualitatively, the pattern of response was the same in
Table 1. Clearance data (mean SD) for three periods before and after partial renal infarction in 21 animals from Groups I and II
(lissamine green) and 11 from Group III (aldosterone and ADH).
Groups I & II Group III
Before After P Before After P
V
pI/min/g KW
2.70± 0.91 2.59± 0.80 NS 2.12 0.81 l.35a± 0.64 <0.001
V
d/min/g viable KW
2.70± 0.91 6.86± 2.35 <0.001 2.12 0.81 3.72'± 1.36 <0.001
GFR
pl/min/g KW
0.98± 0.21 0.45± 0.13 <0.001 0.77a± 0.19 0.30"± 0.12 <0.001
GFR
d/min/g viable KW
0.98± 0.21 1.14± 0.26 <0.01 0.77a± 0.19 0.83a± 0.22 NS
RPF
pl/min/g KW
4.27± 1.30 1.49± 0.57 <0.001 2.69a± 0.75 1.ola± 0.43 <0.001
RPF
jil/min/g viable KW
4.27± 1.30 3.86± 1.10 NS 2.69a± 0.75 2.81a± 1,0 NS
Filtration fraction
Hematocrit
percent
0.25± 0.06
52.3± 3.0
0.31 0.6
53.1 3.6
<0.001
<0.05
0.3O± 0.4
53.7+ 1.2
0.32 0.07
54.6 + 2.7
NS
NS
P = paired Student's t test.
a Significantly different from Groups I & II, unpaired Student's 't' test. Abbreviations: KW= kidneywt; V= urine flow; GFR =
glomerular filtration rate; NS= not significant.
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Fig. 1. Mean SE for urine flow rate (V), GFR and RPF during
each clearance period before and after partial infarction in Group I
and II (lissamine green) and Group III (aldosterone, ADH) and
in control rats, Group IV (lissamine green) and Group V
(aldosterone, ADH).
all animals. Quantitatively, however, there were consistently
significant differences between them, both before and after
infarction (Table 1). These differences were also seen in the
two groups of control animals. Thus rats given aldosterone
and ADH, but no lissamine green, had significantly lower
baseline glomerular filtration rates and renal plasma flow,
and in the control animals (Group V), significantly lower
urine flow rates as well.
In both groups of control animals there were no signif-
icant changes in mean hematocrit, urine flow rate, RPF or
FF between the first three and the last three clearance
periods. Glomerular filtration rate fell significantly in
Group V from 0.85 0.14 to 0.69±0.14 ml/min/g kidney
wt (P<0.05).
Immediately after acute partial infarction GFR and RPF
fell in all animals in approximate proportion to the amount
of kidney tissue infarcted, and remained so for the rest of
the study (approximately 21/2 hr). Thus in Groups I and 11
mean GFR fell 55% and RPF fell 65% after loss of, on
average, 61 % of the renal mass, while in Group III, follow-
ing loss of 64% of kidney tissue GFR and RPF both fell
62%. Filtration fraction increased significantly in Group I
and II but did not change significantly in Group III.
Urine flow rate, however, after an initial fall over the
first 40 mm in all animals, rose, and in rats given lissamine
green but no aldosterone or ADH (Groups I and 11), had
reached a level greater than any seen during the preinfarc-
tion periods after one hour. Mean urine flow rate in these
animals, therefore, did not change significantly after partial
infarction. The magnitude of the response in animals
receiving aldosterone and ADH but no lissamine green
(Group III) was not as great; mean urine flow rate in fact
showed a significant 36% fall after infarction.
These measurements can also be expressed per g estimated
viable kidney weight (Table 1). Thus in those rats given
lissamine green (Groups I and II) mean GFR per g viable
kidney weight increased slightly (16%) but significantly
(P<0.0l), while RPF was unchanged after infarction. Mean
urine flow rate showed an immediate and marked rise of
160% (Fig. 2). This is reflected in a similar increase in the
flow rate in each surviving nephron, as measured at the last
accessible loop of the proximal tubule in 16 rats from
Group I (Fig. 2). Similarly late proximal and distal tubular
transit times decreased significantly (Table 2). In the group
given aldosterone and ADH but no lissamine green (Group
Iii) neither GFR nor RPF per g viable kidney weight
showed a significant change after infarction. Urine flow
rate, however, increased significantly.
Hematocrit increased slightly but significantly in Group I
rats after infarction. All others were unchanged. The mean
Infarcted
61-64%
8.0
7.0
6.0
5.0
4.0
3.0
2.0
1.0
0
40 120 200 280
Mm
Group I and II
(21 Rats,Lissamine Green)
Group III (11 Rats,
Aldosterone, ADH)
40 120 200 280
Group IV
(6 Rats, Lissamine Green)
Group V (5 Rats,
Aldosterone, ADH)
Infarcted Control
60%
0
E
8.0
6.0
I)
4.0
5)
5)
40
35
30
25
20
0 40 120 200 280 0 40 120 200 280
Mm
Fig. 2. Mean SE for urine flow (V), expressed in pl/min/g
kidney wt and per g viable kidney wt, and late proximaiflow rate
during each clearance period before and after partial infarction
(Group I), and in controls (Group IV).
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Table 2. Proximal and distal lissamine green tubular transit times (sec) during three periods before and after partial infarction and in
controls (mean SD).
Group Late Proximal Tubule Distal Tubule
Before After PBefore After P
Infarcted
I 13.8± 6.2 9.4± 3.5 <0.001 48.3± 16.3 37.0± 11.7 <0.001
II 13.7± 3.7 10.1±2.9 <0.001 52.8± 12.6 36.8± 8.4 <0.001
Control
IV 11.8± 2.0 10.6± 0.9 NS 49.5± 7.4 45.1± 5.5 NS
P= paired Student's 't' test.
carotid and renal vein hematocrits were not significantly
different from each other.
Blood urea nitrogen, measured at the end of the experi-
ment, was significantly higher in the partially infarcted
group, 13.8 mmoles/liter (N= 8), than in the controls,
10.1 mmoles/liter (N= 8; P<0.01).
Electrolyte excretion. Fig. 3 shows the effect of acute
partial infarction on sodium and potassium excretion, and
on urine flow rate in six rats from Group II given lissamine
green and in five animals from Group III given only
aldosterone and ADH. Mean sodium excretion per g
kidney wt was unchanged after partial infarction in Group
II and III rats. When expressed per g viable kidney weight,
sodium excretion rose significantly, by 110%, in animals
receiving lissamine green but no aldosterone or ADH
(Group II), and by 66% in rats given these hormones
(Group III). Mean potassium excretion per g kidney wt
fell after infarction in both groups, but this reached signif-
icance only in those animals given aldosterone and ADH.
SNGFR, fractional and absolute reabsorption. Within
animal median data from a total of 105 collections, both
random and recollections, in 16 rats from Group I have
been compared before and after partial infarction by the
Wilcoxon rank sum test (Table 3). A significant increase
of 12% in SNGFR was observed. An identical increase in
six animals from the control series (Group IV) was not
statistically significant, probably because of the small
numbers of observations involved.
Collections were made by two observers (M.E.M.A. and
E.M.L.). The mean values obtained by each for F/P inulin
and SNGFR both before and after partial infarction were
not significantly different. There was also no significant
difference between the mean values for SNGFR and F/P
inulin after infarction in recollected as opposed to fresh
Before After pa
Infarcted
N= 16
60.1 16.4 68.1 16.6 <0.05
Control
N= 6
58.0± 18.2 65.0± 16.0 NS
pb NS NS
Group II
Lissamine Green
Infarcted
'p
Group III
Aldostemne and ADH
Infarcted
'p
4.0
o.5F'\0.3 1 I t '•'.-•-40.1
1.3
1.1
0.9
u 0.7
0.5
R 0.3
0.1
Table 3. Superficial single nephron filtration rate in nI/mm
(mean sD of within animal median values) during 3 clearance
periods before and after partial renal infarction and in control
animals.
________ "p
0 40 120 200 280 0 40 120 200 280
Mm
Sodium
Potassium
Fig. 3. Electrolyte excretion (mean SE) during each clearance
period before and after partial infarction in animals from Group II
(lissamine green) and Group III (aldosterone, ADH) expressed
per g total kidney wt and per g viable kidney wt.
pa= Comparison of SNGFR before and after infarction, Wit-
coxon Rank Sum Test.
pb = Comparison of SNGFR in infarcted and control animals,
Wilcoxon Rank Sum Test.
N= Number of animals.
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Infarcted 1.6 - Kendall's t= 0.067t
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0.6 0.8 1.0 1.2 1.4 1.6
Inulin F/P —— MedianPost
Fig. 5. Relationship of change in late proximal F/P inulin to change
in SNGFR using Kendall's r test.
54.7-455.7% proximal segment can be calculated (Table 4). Tn control
animals absolute reabsorption increased equally in proximal
and "distal" segments during the last three clearance
periods, in keeping with the slight rite of 12% in SNGFR.
After partial infarction, however, which was associated with
a similar increase of 12% in SNGFR, absolute reabsorption
55.2-÷45.9% was virtually unchanged in the proximal tubule, and rose
by 33 % beyond this point.
Hydrostatic pressure. Mean systemic blood pressure
before and after partial infarction is given in Table 5.
A significant rise in blood pressure after infarction was
seen in Groups I and II but not in Group III. Control
Groups IV and V were similar to each other and did not
change significantly.
Table 6 shows the effect of acute reduction in renal mass
on proximal tubular, efferent arteriolar, and peritubular
capillary pressure measured in Group II and Group III.
Table 4. Calculated absolute reabsorption (nI/mm) up to and
beyond the late proximal convolution before and after partial
renal infarction and in control animals.
Before After % Change
Infarcted
Proximal 34 31 —9
"Distal" 27 36 + 33
Total 61 68 +11
Control
Proximal 32 36 + 13
"Distal" 26 29 +12
Total 58 65 + 12
1.4
S
1.2
a
ci
I)
1J
—— — ——
__f__f__-j 99.7599.76%
0.6
99.74—' 99.44%
S
0.8
4.0
F
a ::E
500 -
4O0aa
1300200-
100-
2.5a
aa
2.3
J
2.1
. •S
.
S S
.
.
I.
0 40 120 200
Mm
e—e Infarcted (Group I, 16 Rats)
°----° Controls (Group IV, 6 Rats)
Fig. 4. Mean SE for urine flow (V), urine U/P inulin and late
proximal F/P inulin during each clearance period before and after
partial infarction (Group I) and in controls (Group IV). The
numbers on the right are mean percent reabsorption for the three
periods before and after infarction and in controls.
tubules, although SNGFR tended to be higher in recollected
samples.
Late proximal F/P inulin fell significantly from 2.23 to
1.85 after infarction, denoting a decrease in proximal
fractional reabsorption from 55 to 46% (Fig. 4). Overall
fractional reabsorption, calculated from the U/P inulin
concentration, fell from 99.74 to 99.44%. Control measure-
ments (Group IV) did not change significantly.
There was no correlation between the change in F/P
inulin before and after partial infarction and any simul-
taneous change in SNGFR in 105 collections in 16 rats
(Fig. 5).
Using the values for fractional reabsorption and SNGFR
just given, absolute reabsorption up to and beyond the late
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Table 5. Carotid blood pressure, mm Hg, (mean SD) during
three periods before and after partial renal infarction and in
control animals.
Group Before After P
Infarcted
I 109.3± 10.8 117.3± 13.2 <0.01
II 110.5± 11.0 117.2± 12.! <0.01
III 108.8± 11.2 105.2± 16.4 NS
Control
IV 106.8± 11.4 103.4± 8.5 NS
V 113.1± 12.8 104.5± 9.8 <0.02
P= paired Student's t test.
Table 6. Hydrostatic pressure (mm Hg) in proximal tubules and
peritubular vessels before and after partial renal infarction.
Before After P
Group II (Lissamine green)
Peritubular 10.1± 2.1 (l0)a 11.9± 2.1 NS
capillary
Proximal 10.5± 1.4 (l3) 10.6± 0.8 NS
tubule
Group III (Aldosterone & ADH)
Efferent 13.8± 1.3(7)a 12.7± 1.3 NS
arteriole
Peritubular 10.1 1.1 (7) 10.2± 0.9 NS
capillary
Proximal 10.7± 0.9 (7)5 11.4± 1.6 NS
tubule
P= paired Student's "t" test, calculated on mean values per rat.
a Numbers in parenthesis refer to number of animals.
We have previously chosen to describe four vessels of
decreasing diameter on the surface of the rat kidney [21].
These are the large efferent arterioles or stars, intermediate
vessels which are large diameter straight vessels and some-
times arise from stars, large, and small peritubular capil-
lanes. In the present study the large and small peritubular
capillaries have been considered together. No significant
change in hydrostatic pressure in any of these structures
was seen during any of the periods after partial infarction.
The values obtained in the control animals (Group V)
were not significantly different.
Discussion
Acute partial infarction of the single hypertrophied kidney
of the uninephrectomized nondiuretic rat is followed almost
immediately by a rapid rise in flow rate in the surviving
nephrons, maximal within the first hour, with maintenance
of water and electrolyte excretion, in 1929 Verney cautiously
attributed this "very remarkable phenomenon" to some
local intrinsic form of "pressure diuresis," since it occurred
in the isolated, denervated dog kidney and increasing the
perfusion pressure could increase the response. Later
Winton [25] claimed that a fall in intrarenal pressure was
the main factor responsible for this sudden and spectacular
polyuria. He believed that the renal interstitial fluid pressure
exerted a compressing force on the tubules, whose intra-
tubular flow rate was thus slowed and hydrostatic pressure
determined. This "intrarenal pressure" could be measured,
therefore, by finding the height to which the ureteral
pressure had to be aised just to decrease urine flow rate.
Following acute partial infarction of the isolated perfused
dog kidney "intrarenal pressure" measured in this way fell
from an average of 13 mm Hg to 9 mm Hg.
More recently clearance studies during acute reduction
of renal mass in the anesthetized dog [11] and the non-
anesthetized rat [13] have suggested that both a decrease
in tubular sodium reabsorption [13] and a rise in glomerular
filtration rate [11] are responsible for this sudden increase
in urine flow rate. Thus occlusion of one branch of the left
renal artery for up to 15 mm in anesthetized dogs induced
a variable increase in calculated filtration rate per tubule
on that side and increased fractional water excretion on
both sides [11].
Our observations on individual nephron function imme-
diately after partial renal infarction have confirmed and
extended these latter proposals. Thus fractional reabsorp-
tion up to the late proximal convolution fell significantly
from 55 to 46% after infarction, calculated absolute
reabsorption to this point being unchanged. "Distal"
absolute reabsorption increased by 38%, a finding similar
to that described after saline loading in the rat [26] and
after hyperoncotic albumin infusion in the dog [27] and
rat [281.
At the same time superficial single nephron filtration rate
increased by 12%, but this was not statistically different
from the small rise in single nephron filtration rate found in
control animals over the same period of time. The increase,
however, was in keeping with the rise of 14% in whole
kidney filtration rate after infarction, calculated per g
viable kidney wt. There was, therefore, no evidence of a
redistribution of filtration after infarction, such as has been
proposed to account for the natriuretic response to a
chronic salt load [29]. Our mean values for single nephron
filtration rate before infarction and in the control animals
(61 and 58 nI/mm, respectively) are slightly lower than the
mean value of 78 nI/mm previously reported in the adult
nondiuretic uninephrectomized rat [5].
The cause or causes of these reabsorption changes remain
speculative. There was no evidence of intravascular volume
expansion after infarction, systemic hematocrit remaining
constant or increasing slightly. A rise in peritubular capil-
lary hydrostatic pressure and/or a fall in oncotic pressure
have recently been proposed as "physical factors" capable
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of decreasing tubular reabsorption [30—33]. We found no
significant change in intratubular, efferent arteriolar or
peritubular capillary hydrostatic pressure after partial
infarction as measured by either the "Landis" or "elec-
tronic" technique. The effect on interstitial pressure, of
course, is unknown. This cannot be assumed to be equal to
either tubule or vessel pressure since there is usually a
significant difference in pressure between these structures
and this is affected quite differently by various methods
used to alter intrarenal pressure, such as renal vein constric-
tion or ureteral pressure elevation [22, 33, 34]. Since it
obviously should be the pressure gradient between tubule
and interstitial fluid space on the one hand and between
interstitial fluid space and peritubular capillary on the other
which determines reabsorption, and not the net tubule-
peritubular capillary gradient, the significance of our
hydrostatic pressure findings must await the development
of accurate methods for measuring interstitial fluid pressure
in the rat kidney.
In the nondiuretic rat alteration in whole kidney filtration
fraction can be used as an indication of change in efferent
arteriolar oncotic pressure, assuming that the arterial
plasma protein concentration remains constant [35, 36].
We found no consistent change in filtration fraction after
partial infarction. In fact, in rats from Group I and II,
which showed a significantly greater diuretic response than
animals from Group III, whole kidney filtration fraction
increased significantly, indicating a possible rise in post-
glomerular oncotic pressure of 5 mm Hg [37]. A similar
rise in whole kidney filtration fraction associated with a
natriuresis has been reported by Coe et al [15] within
30 mm of unilateral nephrectomy.
There is no evidence from our own or previous studies
that aldosterone or ADH plays a significant role in the
response. The phenomenon has been demonstrated in the
isolated, denervated kidney, and addition of ADH to this
preparation in no way altered the diuretic response to
partial infarction [8]. Endogenous ADH secretion rate is
very high during major surgical trauma [38], and it seems
unlikely, therefore, that a fall in ADH levels occurred during
our study. It is also doubtful if the relatively sudden
alteration in proximal tubular function could be due to
a fall in aldosterone levels. This hormone is not usually
involved in rapid changes in salt and water handling,
taking about one hr to become effective and acting for
4 to 8 hr after administration [39, 30]. Addition of physio-
logical doses of d-aldosterone and ADH to the infusion
did not qualitatively alter the response to partial infarction,
although quantitatively urine flow rate and sodium excre-
tion were lower and potassium loss higher in those animals
both before and after partial infarction. These animals,
however, did not receive any lissamine green, and it is
difficult to assess the exact role that each substance played
in this difference.
Recently it has been reported that repeated intravenous
injections of 10% lissamine green in the rat, in volumes
comparable to those used in the present study, are associated
with a progressive diuresis, natriuresis and kaliuresis and a
decrease in proximal tubule transit time without affecting
GFR or PAH clearance [41]. Inhibition of active sodium
transport in the isolated frog skin [42] and of net fluid
transport across the gall bladder [43] by various types of
lissamine green has also been described. In our study both
late proximal and distal tubular transit times decreased
significantly during the 2/ hr before partial infarction.
Thus late proximal transit time fell from 15.0±6.1 to
12.4±4.7 sec (P<0.05) and distal tubular transit time
decreased from 60.5 to 45.7±13.6sec (P<0.01),
between the first and third urine collection periods. There
was no correlation, however, between the cumulative volume
of lissamine green given and the urine flow rate during this
time, although mean urine flow rate was significantly
greater in those animals receiving lissamine green (Groups 1,
II, and IV).
Several intrarenal hormonal mechanisms which have
been proposed for regulating salt excretion (see review by
Mills [44]) might be implicated in the response. It has long
been known that focal renal infarction can be followed by
sustained hypertension, beginning within one day of
infarction [45, 46]. A significant increase in systemic blood
pressure within 21/2 hr of partial infarction was seen in
some of our animals, an effect which might be attributed
to a rise in renin/angiotensin production. Recently, however,
a pressor substance has been detected in the venous effluent
of the acutely reduced rat kidney which can apparently be
differentiated from renin and angiotensin [46]. Dirks,
Lennoff and Wong [47] have suggested that intrarenal
prostaglandins may be involved in the fall in proximal
reabsorption which follows immediately after contralateral
renal artery clamping in the dog, while Coe et al have [15]
proposed that natriuretic hormone release was responsible
for this phenomenon.
The nature of the intrarenal mechanisms controlling the
release of any such substances is unknown. Mills [44] has
proposed a pressure-sensitive area in the region of the JGA
which would release an active natriuretic hormone promptly
when the site is stimulated by a rise in pressure. In our
study, however, efferent arteriolar hydrostatic pressure was
unchanged after infarction. Renal blood flow per g viable
kidney weight did not increase significantly. Similarly
Wong and Dirks [17] and Coe et al [15] found that the
decrease in proximal tubular reabsorption after contra-
lateral kidney clamping in the dog occurred despite a
reduction in perfusion pressure and renal denervation.
In conclusion, we have confirmed, in the uninephrec-
tomized rat, Verney's observations on the effect of acute
reduction in renal mass. Within two hours of acute partial
renal infarction there was a marked increase in flow rate
in surviving nephrons, with maintenance of water and
electrolyte excretion. This was due primarily to a fall in
proximal fractional reabsorption. There was no evidence
that changes in hydrostatic or oncotic pressures within the
362 Allison et al
proximal tubules or peritubular capillaries were important
in this response. The role of the interstitial fluid pressure
remains unknown.
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